EXPOSURE APPARATUS AND 
METHOD OF CLEANING OPTICAL ELEMENT OF THE SAME 



FIELD OF THE INVENTION AND RELATED ART 

This invention relates generally to an 
exposure apparatus which uses, as exposure beam, short 
wavelength electromagnetic waves such as X-rays or 
ultraviolet rays from an excimer laser, for example. 
More specifically, the invention is concerned with 
such exposure apparatus, a device manufacturing method 
using the same, and a method of clearing an optical 
element of such exposure apparatus. 

In projection exposure apparatuses for 
manufacture of semiconductor integrated circuits, 
light of various wavelength bands is projected as 
exposure beam to a substrate. As for such exposure 
beam, examples are e-line (wavelength ft = 546 nm), g- 
line (ft = 436 nm) , h-line (ft = 405 nm), i-line (ft = 
365 nm), KrF excimer laser (ft = 248 nm) , ArF excimer 
laser (ft = 193 nm), and X rays. 

An exposure beam emitted from a light source 
is directed by way of an illumination optical system 
for illuminating a reticle and a projection optical 
system (projection lens) for imaging a fine pattern 
formed on the reticle upon a photosensitive substrate, 
whereby the fine pattern is lithographically 
transferred to the photosensitive substrate. In such 



exposure apparatuses, miniaturization of pattern 
linewidth has forced further improvements of 
throughput and resolution. Also, an exposure beam of 
higher power has been required and, on the other hand, 
shortening of wavelength band of exposure beam has 
been required. 

It is known that when an exposure beam of i- 
line (wavelength A = 365 run) or a shorter wavelength 
is used, due to shortening of the wavelength, 
impurities in the air photochemical ly may react with 
oxygen. The product (blurring material) of such 
reaction may be deposited on an optical element (lens 
or mirror) of the optical system, causing non- 
transparent "blur". 

As regards such blurring material, in a case 
where sulfurous acid S0 2 absorbs light energy and it 
is excited thereby, a typical example may be ammonium 
sulfate (NH 4 ) 2 S0 4 produced by reaction (oxidization) 
with oxygen in the air. When such ammonium sulfate is 
deposited on the surface of an optical element such as 
a lens or mirror, the above-described "blur" results. 
Then, the exposure beam is scattered or absorbed by 
ammonium sulfate, so that the transmission factor of 
the optical system decreases. This causes a large 
decrease of light quantity (transmission factor) upon 
the photosensitive substrate, and thus a decrease of 
throughput . 
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Particularly, for ArF excimer laser (193 nm) 
or X-rays which are in a very short wavelength region, 
the exposure beam may cause strong photochemical 
reaction. Thus, the above-described problems is very 
5 serious. 



SUMMARY OF THE INVENTION 

Japanese Laid-Open Patent Application, Laid- 
Open No. 216000/1994 shows an arrangement wherein a 
barrel having mounted therein a glass member such as a 
lens is provided in a casing of closed structure, and 
wherein the inside of the casing is filled with an 
inert gas, thereby to solve the problem such as 
described above. 

However, it has been found that, in such 
example using inert gas, an optical element within the 
barrel or casing of the illumination optical system 
may be contaminated by organic molecules. These 
molecules may be those of any solvent, for example, 
used during manufacturing and working processes of 
components of the illumination optical system and 
remaining on the components, or those of adhesive 
agent used in the casing or barrel and evaporated 
therefrom . 

Taking the manufacturing procedure into 
consideration, the environmental air may be 
contaminated by organic molecules coming from an 
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adhesive agent layer between a substrate and a 
photoresist, for example. These molecules may enter 
the casing or barrel. Even if the organic molecules 
are at a low concentration, particles may be 
5 decomposed due to the influence of ultraviolet beam 

and they may be deposited on the optical element. In 
that occasion, a carbon film or a film containing 
carbon will be produced on the element surface. 

Japanese Laid-Open Patent Application, Laid- 

10 Open No. 209569/1995 shows an arrangement wherein, 
when an inert gas is supplied into a projection 
optical system, a small amount of ozone is mixed into 
the inert gas, such that an inert gas containing ozone 
is supplied to an optical system. The optical element 

15 is irradiated with an. exposure beam in a gas ambience 
containing ozone and, due to ozone cleaning effect, 
decomposition of organic molecules on the surface of 
the optical element as well as deposition of product 
of decomposition thereon are prevented. 

20 In this structure, however, an ozone 

generator having a Hg lamp is provided in a portion of 
an inert gas supplying line. The ozone generator 
produces ozone beforehand, and then the ozone is 
supplied into the lens holder. This structure needs 

25 use of two light sources, that is, the exposure light 
source and the ozone generating light source. The 
structure is thus complicated. Further, this creates 



the following dangerous possibilities. That is, ozone - 
has a property for deteriorating an element. 
Therefore, the ozone generator itself may be easily 
damaged by the influence of ozone. Thus, there is a 
5 possibility of leakage of harmful ozone from the 
damaged ozone generator. 

It is an object of the present invention to 
provide an exposure apparatus by which contamination 
of an optical element by organic molecules can be 

10 prevented, particularly, very simply and effectively. 

It is another object of the present invention 
to provide a device manufacturing method using such 
exposure apparatus and/or a method of cleaning an 
optical element of an exposure apparatus. 

15 In accordance with an aspect of the present 

invention, there is provided an exposure apparatus, 
comprising: a light source for producing an exposure 
beam; an optical system having a closed space, for 
projecting the exposure beam to a substrate for 

20 exposure thereof; first supplying means for supplying 
an inert gas into the closed space of said optical 
system; and second supplying means for supplying one 
of oxygen and a clean air, so that the inert gas and 
oxygen can be supplied to the closed space. 

25 In accordance with another aspect of the 

present invention, there is provided a device 
manufacturing method comprising the steps of: 
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preparing an exposure apparatus as recited above; and 
performing an exposure process by use of the exposure 
apparatus . 

In accordance with a further aspect of the 
5 present invention, there is provided a method of 

cleaning an optical element of an exposure apparatus 
for exposing a substrate with an exposure beam of 
ultraviolet rays or X-rays, projected thereto, said 
method comprising the steps of: supplying an inert gas 

10 containing a small amount of oxygen into a space in 
which the optical element is placed; projecting the 
exposure beam so that ozone is produced in the space; 
and removing an organic compound deposited on the 
optical element through photochemical reaction by 

15 projection of the exposure beam and the produced 
ozone . 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
20 description of the preferred embodiments of the 
present invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure 1 is a schematic view of a general 

structure of an exposure apparatus according to an 
embodiment of the present invention. 
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Figure 2 is a sectional view for explaining 
an example of inside structure of a barrel. 

Figure 3 is a flow chart of device 
manufacturing processes. 
5 Figure 4 is a flow chart for explaining 

details of a wafer process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present 

10 invention will now be described with reference to the 
accompanying drawings. In an embodiment of the 
present invention to be described below, the invention 
is applied to an exposure apparatus of reduction 
projection type, which is generally called a stepper 

15 or a scanner. 

The exposure apparatus Al has a major 
assembly which may be roughly separated into a light 
source 1 (ArF excimer laser light source), a light 
source lens system 2 which comprises an illumination 

20 optical system for transforming laser light LI, which 
is illumination light emitted from the light source I, 
into light of a predetermined shape, and a projection 
lens system 5 for imaging the laser light LI, having 
been formed into a predetermined shape by the light 

25 source lens system 2, upon a wafer 4 (substrate) 

through a reticle 3. The light source 1 includes a 
laser control device 6 for controlling laser output of 




the same. The laser control device 6 is controlled by 
a controller 7 (control means). The laser control 
device 6 functions to change the emission laser 
wavelength region, to be described later. 
5 In this embodiment, the light source 

comprises ArF excimer laser which produces ultraviolet 
rays. However, it may comprise a KrF excimer laser 
light source or, alternatively, an X-ray source for 
producing shorter wavelength X-rays (X-rays are 

10 referred generally to soft X-rays or vacuum 

ultraviolet rays, for example), such as a synchrotron 
radiation source or a laser plasma radiation source, 
for example. 

The light source lens system 2 comprises 

15 barrels 2h and 2i in which a plurality of lenses 2a - 
2d are disposed therewithin. These barrels are 
accommodated in a casing 2g. Disposed on the opposite 
sides of them are mirrors 4a and 4b for deflecting and 
directing the laser light along a path. The casing 2g 

20 of the illumination optical system has a window 2e 
demountably mounted at an entrance opposed to the 
light source L and also a window 2f at an exit opposed 
to a reticle 3. 

The projection optical system 5 has a 

25 plurality of lenses 5a and 5b accommodated in a lens 

barrel, for projecting a pattern of the reticle onto a 
wafer in a reduced scale. There are windows 5c and 5d 
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mounted on the faces opposed to the reticle and the 
wafer, respectively. 

Inert gas of nitrogen gas (it may be a gas of 
helium or neon, for example) is supplied to an inside 
5 space 2j of the casing 2g of the illumination optical 
system 2, to the inside spaces of the barrels 2h and 
2i, and to the spaces inside the projection lens 5 and 
the lens barrel as separated by lenses. Inert gas 
supplying device 8a is connected to these spaces 

10 through an inert gas supplying line 8b and an 

electromagnetic valve 8c (opening/closing valve) 
provided in a portion of this line. At an 
intermediate position on the inert gas supplying line 
8b, there is an oxygen supplying line 10b connected as 

15 a branch. Through an electromagnetic valve 10c 

(opening/closing valve) provided in a portion of this 
line, an oxygen supplying device 10a is connected 
thereto. This enables mixture of a small amount of 
oxygen into the inert gas to be supplied. In place of 

20 pure oxygen, a clean air which contains oxygen may be 
mixed . 

There is a gas discharging device 9a for 
discharging gases from these spaces to which inert gas 
is supplied. These spaces are connected to the gas 
25 discharging device 9a through a gas discharging line 
9b and an electromagnetic valve 9c (opening/closing 
valve) provided in a portion of this line. 



The gas collected by the gas discharging 
means may include a small amount of residual ozone. 
The gas discharging device 9a may be provided with 
converter means for re-converting the residual ozone 
5 into oxygen. Impurities may be removed by a filter 
and thereafter the oxygen thus re-converted may be 
circulated to the oxygen supplying device 10a, for 
reuse thereof. 

The electromagnetic valves 8c and 9c provided 

10 in portions of the line for the inert gas supplying 

means and for the gas discharging means are controlled 
in accordance with a program set in the controller 7 
beforehand, so that the spaces are kept in a state as 
filled with inert gas, during normal operation of the 

15 apparatus (exposure process) or a stand-by period. 

More specifically, in accordance with preset 
timing, in the stand-by state of the apparatus, the 
electromagnetic valve 10c of the oxygen supplying line 
opens so that a small amount of oxygen is mixed into 

20 the nitrogen gas. The resultant gas is supplied into 
the casing and barrels of the illumination optical 
system and also into the barrel of the projection 
optical system. The opening/closing of the 
electromagnetic valve is controlled so that the amount 

25 of oxygen supply is kept not greater than a 

predetermined concentration (e.g., not greater than a 
a few grams per lm 3 ). After the mixture gas is 
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supplied, the electromagnetic valves 8c and 9c are 
closed. In the state in which the spaces are filled 
with a gas in which a small amount of oxygen is mixed 
into a nitrogen gas, projection of laser light is 
5 performed. In response to this, in these spaces, 
oxygen within the inert gas, filling the space, is 
converted into ozone through photochemical reaction. 
Thus, in these spaces, ozone is produced first. Laser 
projection is continued in this state and, as a 

10 result, any organic compound deposited on optical 

elements (lenses, mirrors or windows) constituting the 
optical system is oxidized. Consequently, organic 
molecules on the optical element is removed by ozone 
cleaning, whereby the optical element is cleaned. 

15 Subsequently, the electromagnetic valves on 

the inert gas supplying line and the gas discharging 
line are opened, and supply of inert gas and 
discharging of the gas are continued interruptedly or 
uninterruptedly until the inside gas is completely 

20 replaced by nitrogen gas. The series of these 

sequential operations are performed in accordance with 
a program set in the controller beforehand. As 
regards the cleaning of optical elements, it may 
preferably be made during the stand-by period of the 

25 apparatus in which the apparatus is held inoperative, 
since it does not influence the throughput. 
Alternatively, cleaning may be made during actual 
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operation of the apparatus. 

The efficiency of producing ozone from oxygen 
by light projection largely depends on the wavelength 
of light projected. In consideration of this, in 
5 order to assure efficient production of ozone, the 

wavelength of exposure beam may preferably be changed, 
between the exposure process for a substrate and the 
cleaning operation for optical elements. More 
specifically, for the cleaning operation, preferably 

10 the wavelength region may be oscillated continuously 
or it may be changed to shorter wavelength side, by 
which the ozone production efficiency and thus the 
cleaning capacity can be improved. Changing the 
wavelength may be accomplished by controlling the 

15 light source actuation or by inserting wavelength 
changing means (such as a harmonic wave producing 
element, for example) into the light path, for 
example . 

Figure 2 is an enlarged view of a portion of 
20 the barrel 2h of the illumination optical system, 
in the neighbourhood of a gas blowing port of the 
inert gas supplying line. As regards optical elements 
13a and 13b, it is expected that a large amount of 
organic molecules may be deposited on these elements. 
25 Thus, the structure is so arranged that the inert gas 
is directly blown against these optical elements. 
This enhances the ozone cleaning effect considerably. 
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The inert gas supplying line may be provided 
with flow rate changing means such as disclosed in 
Japanese Laid-Open Patent Application, Laid-Open No. 
216000/1994, so that nitrogen can be supplied at a 
5 large flow rate for the impurity removing operation. 

Exposure apparatus may include optical 
elements other than lenses, mirrors or windows as 
described. An example is a filter for transmitting 
only a desired wavelength of light among a broad 
10 wavelength band as emitted by a light source such as 
Hg lamp or synchrotron radiation source. The 
advantageous effects of the present invention 
described above similarly applies to such optical 
element . 

15 Next, an embodiment of a device manufacturing 

method which uses an exposure apparatus such as 

described above, will be explained. 

Figure 9 is a flow chart of procedure for 

manufacture of microdevices such as semiconductor 
20 chips {e.g. ICs or LSIs), liquid crystal panels, CCDs, 

thin film magnetic heads or micro-machines, for 

example . 

Step 1 is a design process for designing a 
circuit of a semiconductor device. Step 2 is a 
25 process for making a mask on the basis of the circuit 
pattern design. Step 3 is a process for preparing a 
wafer by using a material such as silicon. Step 4 is 
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a wafer process which is called a pre-process wherein, 
by using the so prepared mask and wafer, circuits are 
practically formed on the wafer through lithography. 
Step 5 subsequent to this is an assembling step which 
5 is called a post-process wherein the wafer having been 
processed by step 4 is formed into semiconductor 
chips. This step includes assembling (dicing and 
bonding) process and packaging (chip sealing) process. 
Step 6 is an inspection step wherein operation check, 

10 durability check and so on for the semiconductor 

devices provided by step 5, are carried out. With 
these processes, semiconductor devices are completed 
and they are shipped (step 7). 

Figure 10 is a flow chart showing details of 

15 the wafer process. 

Step 11 is an oxidation process for oxidizing 
the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 

13 is an electrode forming process for forming 

20 electrodes upon the wafer by vapor deposition. Step 

14 is an ion implanting process for implanting ions to 
the wafer. Step 15 is a resist process for applying a 
resist (photosensitive material) to the wafer. Step 
16 is an exposure process for printing, by exposure, 

25 the circuit pattern of the mask on the wafer through 
the exposure apparatus described above. Step 17 is a 
developing process for developing the exposed wafer. 
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Step 18 is an etching process for removing portions 
other than the developed resist image. Step 19 is a 
resist separation process for separating the resist 
material remaining on the wafer after being subjected 
to the etching process. By repeating these processes, 
circuit patterns are superposedly formed on the wafer. 

With these processes, high density 
microdevices can be manufactured. 

In accordance with an exposure apparatus of 
the present invention, the problem of deposition of 
organic molecules on an optical element and reduction 
of illuminance thereby can be removed. Since the 
exposure beam itself to be used for the exposure 
process is used also for ozone production, use of 
additional and large mechanism is not necessary. 
Further, since ozone production is made only inside a 
closed space in which the optical element is disposed, 
there is no dangerous possibility of leakage of 
harmful ozone. 

Since the exposure apparatus provides high 
throughput constantly, a high productivity is 
accomplished in the device manufacture. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth and this 
application is intended to cover such modifications or 
changes as may come within the purposes of the 



improvements or the scope of the following claims. 
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